2017 9(4): 436-441 time intensive calculations were actually carried out back when computers were scarce or if the interpolation method was applied, using data from several cities.
introduction
The issue of determining the heating system load is a matter of balancing consumers' needs against the price. On one hand, consumers expect the heating system to maintain an internal temperature of the building that is necessary for their health and comfort. On the other hand, the demand for a very high heating load is rare, usually arising in cases when meteorological extremities occur. Designing heating systems for rare extremities might not be economical since it might lead to high capital cost and reduce the operational efficiency of the system.
From the practical point of view, a rarely occurring but not extreme value of the external air temperature is usually selected as the basis for determining the designed heating system load. This means that the heating needs of a building might exceed the capacity of the heating system, thus the internal temperature might be lower than expected or additional heating might be required (e. g. internal heaters).
The same method of determining the designed weather parameters was valid in the former USSR and is still in force in Lithuania. It is based on processing large amounts of meteorological data, which raises doubts whether such 437 50 years (from 1925 to 1975) . The data is retrieved from monthly meteorological monitoring tables and monthly meteorological journals. The temperatures of the coldest five-day period are selected based on the temperatures of rolling five-day periods.
The selected data is listed in chronological order and then in descending order (in terms of the absolute value) by assigning a sequence number to each value. Each temperature of the coldest five-day period is rounded off to 0.5 °C and every interval is assigned a sequence number.
The integral recurrence is calculated using the following equation:
where: P -the integral recurrence of the relevant term of the sample set; m v -the average sequence number in the sequence; n -the number of years in the sample set. Then integrated air temperature distribution curves for the coldest five-day period are plotted in the asymmetric grid: the logarithmic scale of the air temperature is depicted on the y-axis (ordinate) and the double logarithmic scale of the integral recurrence is depicted on the x-axis (abscissa).
Using the plotted curves, the temperatures of the coldest five-day period of the needed integral recurrence are determined.
The ASHRAE method
The purpose of this method (ASHRAE) is to find the highest temperature limit of the external air temperature that is observed in the studied area for a certain period of time in the season. There are three values of this period of time determined: 0.4%, 1%, and 2% of the season. There are 8760 hours in a year, so 35 hours, 88 hours, and 175 hours correspond with the previous percentage values. The usage of annual percentiles to determine the designed conditions guarantees a similar probability of recurrence for any climate, regardless of seasonal extremities. When using this method, heating systems are usually designed following the 1% condition.
The European standard EN ISO15927-5 method
Using this method (EN ISO 15927-5:2004) , the acceptable balance of the risk of insufficient power and the price is determined using a method that is essentially analogous to the one that is valid in Lithuania, i.e. by determining the recurrence period of a certain average temperature of several consecutive days. The number of consecutive days can be 1, 2, 3 or 4 (there are no instructions when to use which value). The expected recurrence period is one year. This means that over, for example, 20 years the average temperature of the selected period of time has to recur 20 times. The average external air temperature for several days is determined using the average temperatures for each day. The latter might be determined in several ways, depending on the available recorded data. It is recommended to determine the designed temperature using the climatologic data for 20 consecutive years.
The DIN 4710 method
German standards (DIN 4710) define the designed external air temperature as the coldest average for two consecutive days that recurs 10 times in 20 years. However, when determining the final designed air temperature, corrections are made that depend on the thermal accumulation properties of the external partition (dynamism). This correction of temperature might change the designed external air temperatures by up to 4 degrees.
Consequently, the designed external air temperatures were calculated for the three largest Lithuanian cities following the requirements of the four methods. The results are presented in Tables 1 and 2 . The ASHRAE handbook defines two designed winter temperatures for Lithuanian cities that correspond with the 0.4% and 1% limits. These temperatures are higher than the standards valid in Lithuania. The highest designed temperatures (the least strict requirements) are calculated following the ASHRAE method. When determining the designed external air temperature following this method, the heating system load, compared to the one that is set in regulation now, might be reduced about 14% (considering that the room temperature is at 20 °C).
The probabilistic-statistical modelling in the selection of design parameters of the external climate
Currently, the normative documents legislated in the Russian Federation, namely, The Code nr. 131.13330.2012 titled 'SNIP (Russian Construction Codes and Regulations) 23-01-99 "Building Climatology" (further -The Code 131)', as well as calculated parameters of the outdoor climate used for the construction of envelope building and indoor climate systems are denoted with certain provision (Gagarin et al. 2013; Malyavina, Ivanov 2014) . The provision defined by the holdings ratio k h, means that the probability of an actual value of the parameter considered in the process of exploitation of the building will not go beyond specified limit, i.e. neither exceeds the limit during warm months, nor gets reduced during the cold seasons. This ratio might be expressed as follows:
where N is the number of total observation instances, ΔN is the number of instances, when the parameter goes beyond the given limit, z is the overall length of the period of observation, and Δz is the amount of time interval when the parameter goes beyond limit value. The first option is used to evaluate the k h ratio of discrete events, e.g. the coldest five-day period, whereas the second option defines the level of climate parameters overall -over warm or cold periods. These are the known parameters 'A' and 'B' for the warm and 'A' for the cold periods, whose values are also given in The Code 131. Nonetheless, in a number of cases, the given k h ratio, which is different from those meanings in the source, requires different parameters. This includes instances of highly important targets, when the client needs not only increased reliability but also the k h value. In order to find a scientifically valid level of climate parameters, the probabilistic-statistical model of outer climate is required. It is based upon the representation of terminal temperature of the external air and a correlatively associated enthalpy as random value, characterized by a specific expected value and a standard deviation, which is equally spread by the normal distribution law. It might be shown that, in spite of two main factors affecting the formation of the parameters, namely, the natural trend and its fluctuations that are very close to being random, such model describes the main correlations between different parameters fairly well (Kryuchkova 2013; Samarin 2014) .
It thus becomes possible to use the aforementioned model for predicting the changes in normative values depending on the desired level of k h . This could be demonstrated by calculating the average external air temperature of the coldest five-day period t e5 as one of the most important temperatures, which is used for thermal protection of the enclosing structures and calculation of thermal power of the heating and ventilation systems. Due to the fact, that a five-day period is related to discrete events, the direct application of the analytical expression for the probability density function of a normally distributed random value with parameters that characterize a year in tote would be difficult because such expression would describe the temperature behaviour of a continuous time interval (Šliogerienė et al. 2009; Wang et al. 2011) . Consequently, numerical simulation using software that generates daily temperatures with sensors of pseudorandom values is required. The aforementioned procedure is one of the Monte-Carlo method options, which has a number of advantages as compared with a local and foreign approach, which is based upon the notion of a standard year (Ecevit et al. 2002; Masson 2000) . This approach means that great bulk of climate information is being researched, stored and analyzed in terms of its representativeness (Uzsilaityte, Martinaitis 2008; Zukowski et al. 2011) . Moreover, the implementation of MonteCarlo method is not time-consuming in terms of uploading large sets of raw data in the already existing or newly developed software. The data generation was produced for a 400-year period, whereby five coldest days of a year were sorted and average temperatures t e5 were calculated, (the latter were ranked in ascending order). As a result, it became possible to construct a curve t e5 = f(k h ). Figure 1 shows the results of climate conditions in Moscow. Hence, the expected value (+5.4 °С) was represented by an average annual temperature in accordance with The Code 131, whereas the standard deviation was realized as a value, which is close to semi-amplitude of an annual variation for average monthly temperatures. The latter comprises А te /2 = (18.7 + 7.8)/2 = 13.25 °C, but for a better match of t e5 value at k h = 0.92, i.e. ground level presented as parameters 'B' for the cold period of year along with The Code 131 data (-25 °C) matches the standard level, which was revealed by cut-and-try method and was equal 12.6 °C. Thus, an analogous procedure should be performed when other regions of construction are calculated so that the specific ratio between the annual amplitude and standard level may be obtained. Figure 1 , i.e. the right part of a diagram, is given in a larger scale (0,9-1) in Figure 2 . Here, points show the results of the calculations, while the continuous line represents an approximating dependence, which is also obtained using probabilistic-statistical models with the parameters related to the distribution of the coldest five-day temperature. These parameters are selected for the maximal coincidence of approximating curve with nominal design points. General view of this dependence might be depicted by the following formula:
The value of interest in
1.592 ln 1 1 2
Here, М(t e5 ) and σ e5 are a mathematical expectation of examined value t e5 and its standard value respectively. The formula is comprised by an approximate expression of the error function for great argument values.
Since М(t e5 ) corresponds to provision t e5 equal 0.5, its estimated value in Figure 1 might be -19 °C, whereas the value of σ e5 is selected 4.3 °С. It is evident that the aforementioned parameters are not linked to the mathematical expectation of terminal temperature annually or its standard deviation, thus the parameters should be defined only after the numerical modelling. However, they allow calculating the level of t e5 with any random k h > 0.9 via correlation (3). The aforementioned problem may be additionally simplified and shown as the following dependency:
. (4) Hence, calculate the coefficient C is related to the values of k h and may be independently calculated in advance. The results are given in the following Table 3 , which is valid for any region of construction. . (6) Formally, it is М (t e5 ) = -16 °C and σ e5 = 6.5 °С in Moscow. Bearing in mind the expression (4), the value t e5 , takes the form (along with an arbitrary probability) of the weighted average between t 0.92 and t 0.98 : e5 0.92 0.92 0.98 0.98
Here, the weight ratios C 0.92 and C 0.98 take the forms (Table 4) At the same time, the calculation was performed under the input data, which satisfies the parameters of The Code 131, i.e. with the average annual temperature equal +4.1 °C and a standard deviation = +13.3 °C, at А te /2 = (18.1 + 10.2)/2 = 14.15 °C. It should be noticed, that the standard deviation ratio to А te equals 0.94 and does not differ from the condition of the previous calculation, whereby it is 0.95, which is suggestive of certain regularity. Is might be clearly seen that within the span varying from 0.9 to 0.99 the discrepancy does not exceed 0.5 °С, whereas within higher probability the software calculation provides a somewhat understated value of t e5 , which may be considered as a reserve. conclusions 1. Based on the data for 1976 to 1990, the calculated designed external air temperature for three Lithuanian cities varies from 1 °C (the RSN and ASHRAE 0.4% methods) to 2 °C (ASHRAE: 1%) lower than the officially stated designed external air temperatures of these cities. 2. The difference between the room temperature in the building (it was considered in this paper that it is at 20 °C) and the designed external air temperature, laid down in different sources which determines the thermal 
